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WKLVZD\PD\FDXVHD UHOD\QRGHRYHUORDG IOXLGRYHUORDGFDQ¶WJHWPXOWLSOH UHOD\QRGH LQFRRSHUDWLYH
FRPPXQLFDWLRQ)LQDOO\DIIHFWV\VWHPSHUIRUPDQFH>@>@
7KLV SDSHU SUHVHQWV WHFKQLTXHV IRU %URDGFDVW WHOHYLVLRQ UHOD\ VHUYLFH LQ URXWLQJ PHWKRGZKLFK JHW
QRGH¶VWLPHGHOD\DQGSRZHU LQIRUPDWLRQREWDLQHGWKHYDOXHRIWKHV\VWHPLQWHUUXSWVHOHFWLRQDQGDVD
GHFLVLRQ RI WKUHVKROG WDOH WKH UHOD\ QRGH VHOHFWLRQ $W WKH VDPH WLPH LQ WKH FRQVLGHUDWLRQ RI SRZHU
GLVWULEXWH ZH SURSRVHG D SURWRFRO WKDW FDQ JHW D PLQLPL]H RXWDJH SUREDELOLW\ RI WKH RSWLPDO UHOD\
VHOHFWLRQLQFRRSHUDWLYHFRPPXQLFDWLRQ)LQDOO\ZHSURSRVHGDPXOWLSDWKURXWLQJSURWRFROLQWKHUHOD\
WUDQVPLVVLRQ
6\VWHP PRGHO
&LUFXODUDUHDFRYHUHGE\WKHEDVHVWDWLRQLVDQHWZRUNRIEDVLFFRYHU$VVKRZQLQ)LJXUHWKHFHQWHU
RI WKHEDVH VWDWLRQ LQGRWWHGFLUFOH7KH ORFDWLRQRI UHOD\ VWDWLRQ VKRXOGEH WKHHGJHRI WKHEDVH VWDWLRQ
FRYHUDJHDUHDLWVFRYHUDJHLQFOXGHVWKHGLVWULFW
VEOLQGVSRWSRVLWLRQWKHUHFHSWLRQVKRXOGEHZLWKLQWKH
FRYHUDJHRIEDVHVWDWLRQDQGFRYHUDJHZLWKDULQJRYHUODSSHG,QILJXUHLVWKHFHQWHURIWKHUHOD\VWDWLRQ
LQGDVKHGFLUFOH7KHVHUYLFHVUDQJHRIDVLQJOHUHOD\VWDWLRQLVIDUOHVVWKDQEDVHVWDWLRQPDLQO\XVHGUHOD\
VWDWLRQ WR VXSSOHPHQW FRYHUDJH HJ 66a66 FDQ DOVR UHGXFH LQWHUFHOO LQWHUIHUHQFH DQG WKHQ WR WKH
RYHUODSUHJLRQRIWKHULQJWKHWHUPLQDOFDQSURYLGHGLYHUVLW\JDLQHJ66DQG66

)LJXUHZLUHOHVVDFFHVVV\VWHPRI%URDGFDVWWHOHYLVLRQVHUYLFHVQHWZRUNWRSRORJ\
&LUFXODUDUHDFRYHUHGE\WKHEDVHVWDWLRQLVDQHWZRUNRIEDVLFFRYHU$VVKRZQLQ)LJXUHWKHFHQWHU
RI WKHEDVH VWDWLRQ LQGRWWHGFLUFOH7KH ORFDWLRQRI UHOD\ VWDWLRQ VKRXOGEH WKHHGJHRI WKHEDVH VWDWLRQ
FRYHUDJHDUHDLWVFRYHUDJHLQFOXGHVWKHGLVWULFW
VEOLQGVSRWSRVLWLRQWKHUHFHSWLRQVKRXOGEHZLWKLQWKH
FRYHUDJHRIEDVHVWDWLRQDQGFRYHUDJHZLWKDULQJRYHUODSSHG,QILJXUHLVWKHFHQWHURIWKHUHOD\VWDWLRQ
LQGDVKHGFLUFOH7KHVHUYLFHVUDQJHRIDVLQJOHUHOD\VWDWLRQLVIDUOHVVWKDQEDVHVWDWLRQPDLQO\XVHGUHOD\
VWDWLRQ WR VXSSOHPHQW FRYHUDJH HJ 66a66 FDQ DOVR UHGXFH LQWHUFHOO LQWHUIHUHQFH DQG WKHQ WR WKH
RYHUODSUHJLRQRIWKHULQJWKHWHUPLQDOFDQSURYLGHGLYHUVLW\JDLQHJ66DQG66
)LJXUHLVD,(((0$&SURWRFROKDQGVKDNHSURFHVVWKHVRXUFHQRGHVHQGV5765HDG\7R
6HQGIUDPHWRQRWLI\WKHGHVWLQDWLRQQRGHWRUHFHLYHWKHGDWD'HVWLQDWLRQQRGHUHFHLYHV576IUDPHZDLW
IRU6,)66KRUW,QWHU)UDPH6SDFLQJVKRUWLQWHUIUDPHLQWHUYDOVHQGD&76&OHDU7R6HQGIUDPHVWKDW
PHDQVUHDG\WRUHFHLYH2WKHUQRGHVZKRUHFHLYHG576RU&76IUDPHVVWDUWWKHYLUWXDOFDUULHUGHWHFWLQ
WKH576RU&76VSHFLILHGSHULRGNHHSVLOHQW$IWHU WKHVRXUFHQRGHUHFHLYHV WKH&76IUDPHZDLW6,)6
WKHQEHJLQVWRWUDQVPLWWKHGDWDIUDPHWKHGHVWLQDWLRQQRGHUHFHLYHVWKHGDWDZDLW6,)6WKHQUHVSRQGWKH
$&.$FNQRZOHGJH&KDUDFWHUIUDPH

)LJXUH,(((0$&SURWRFROKDQGVKDNHSURFHVV
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$OJRULWKP LQWURGXFWLRQ
&URVVOD\HU RSWLPL]DWLRQ PHFKDQLVP WKURXJK WKH LPSOHPHQWDWLRQ RI WKH DERYH SURFHVV $OO WKH
QHFHVVDU\ LQIRUPDWLRQ WKURXJK WKH LQWHUOD\HU WUDQVIHU WKLV FDQ PDNH WKH QRGHV DV D HQWLUHW\ SOD\ WKH
DGYDQWDJHVRIFROODERUDWLRQOD\HUV6SHFLILFPHVVDJHVWKDWVKRXOGEHQHHGHGDUH
y7KHUHFHLYHUUHFHLYHWKHVLJQDOVWUHQJWKWKDWGHOLYHUHGWRWKHURXWLQJSURWRFROVWKHQFDOFXODWHWKHOLQN
GHOD\LQIRUPDWLRQSXWLWLQWRWKHURXWLQJWDEOH
y66DQG56FDUULHGGDWDVWUHDPVQHHGWREHGHOLYHUHGWRWKHUHVSHFWLYHIORZFRQWURODQGDFFHVVFRQWURO
DQGDVDHQWULHVWREHZULWWHQLQURXWLQJWDEOH
'HWHUPLQHURXWLQJSDUDPHWHUVIURPWKHKDQGVKDNHLQIRUPDWLRQGHVFULEHGLQWKHIUDPHZHFDQJHWWKH
WLPHGHOD\DQGEDQGZLGWKXWLOL]HWKHPLQLPDODVWREHWKHURXWLQJUHVXOWVWKHVSHFLILFFDOFXODWLRQSURFHVV
OLNHIROORZV
IRUDVLQJOHQRGHWLPHGHOD\LVJLYHQE\
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0XOWLSDWKURXWLQJSURWRFRO
,QWKHPRELOHQHWZRUNEHFDXVHRIWKHQRGH¶VPRELOLW\WKHOLQNHIIHFWLYHEDQGZLGWKDQGWKHIL[IORZLV
JHQHUDOO\ G\QDPLF DQG GLIILFXOW WR PHDVXUH 7KHUHIRUH HTXDWLRQ  DUH XVXDOO\ XVHG IRU WKHRUHWLFDO
DQDO\VLVLWSURYLGHVDEDVLVRIURXWLQJMXGJPHQW 
$FFRUGLQJ WR WKH VKRUWHVW PXOWLSDWK DOJRULWKP DQG WKH DFWXDO FKDUDFWHULVWLFV RI PRELOH PXOWLKRS
QHWZRUNZHSURSRVHGDURXWLQJSURWRFROWKDWEXLOGLQJSURFHVVOLNHIROORZLQJ 
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)LUVWURXWLQJGLVFRYHU\SURFHVV5HOD\DQGWHUPLQDOQRGHVUHVSHFWLYHO\PDLQWDLQDXQLTXHQHWZRUN,'
:KHQ WKH WHUPLQDO ILUVW DFFHVV LQWR WKH%URDGFDVW79QHWZRUN WKH\QHHG WR HVWDEOLVK D URXWH IURP WKH
UHOD\WRWKHEDVHVWDWLRQ7KHUHIRUH WHUPLQDOQRGHVLQLWLDWH WKHURXWHGLVFRYHU\SURFHVV,Q)LJXUH WKH
URXWHGLVFRYHU\SURFHVVLVDVIROORZV
,IWKHWHUPLQDO66QHHGVWRLQLWLDWHURXWHGLVFRYHU\ILUVWLWEURDGFDVWVDURXWHGLVFRYHU\5'SDFNHW
UHFHLYHVWKH5'RIWKHUHOD\QRGH5656LPPHGLDWHO\VHQWDURXWHUHVSRQG55WRWKHWHUPLQDO66
DQG WKHLU ,' QXPEHUV LQ WKH5555 UHOD\QRGH DOVR FRQWDLQV D OLQN GHOD\ DQGEDQGZLGWK LQIRUPDWLRQ
DERXW WKH6666ZLOO UHFHLYHDOO UHOD\QRGHV ,'IURP55SDFNHW DQG WKHQGHWHFWPXOWLSDWK:KLOH
FDOFXODWLQJWKHEDQGZLGWKHDFKQRGHQHHGVWRPDLQWDLQDILHOGRIEDQGZLGWKWKHVSHFLILFSURFHVVVKRZQ
LQ)LJXUH$FFRUGLQJWRHTXDWLRQHDFKQRGHVORDGEDQGZLGWKLQIRUPDWLRQIURPWKH'$7$DQG&76
IUDPH$WWKHVDPHWLPHWKHVRXUFHQRGHVHQGV,&03SDFNHWVDORQJWKHSDWKQRWHVWKHFXUUHQWWLPH M7 
DQG L7  LQ WKH VRXUFH DQGGHVWLQDWLRQQRGHV WKHQ WKH DYHUDJHSDFNHW GHOD\RI HDFKSDWK LV  M L( 7 7− 
ZULWHLQWRHDFKQRGH¶VURXWLQJWDEOHFRPSOHWHWKHURXWHGLVFRYHU\SURFHVV

)LJXUH5RXWHGLVFRYHU\SURFHVV
1H[W5RXWHPDLQWHQDQFHSURFHVV%HFDXVHRIWKHWHUPLQDO¶VPRELOLW\WKHHVWDEOLVKHGURXWLQJSDWKDQG
OLQNVWDWHLQIRUPDWLRQPD\FKDQJHDVWKHQHWZRUNWRSRORJ\G\QDPLFDOO\VRZHUHTXLUHWKHHVWDEOLVKPHQW
RIURXWLQJPDLQWHQDQFHPHFKDQLVP5RXWHPDLQWHQDQFHSURFHVVLVGLYLGHGLQWRWKHIROORZLQJSKDVHV
y   (DFKWHUPLQDOQRGHEURDGFDVWVDKHOORSDFNHWWKDWPDLQWHQDQFHURXWLQJLQDIL[HGWLPHLQWHUYDO
7KHUHOD\QRGHZKRUHFHLYHVWKHKHOORSDFNHWUHWXUQWKLVKHOORSDFNHWKHOORUHVSRQG7KHUHOD\
ZLOOZULWHWKHFXUUHQWOLQNVWDWHDQGEDQGZLGWKUHVRXUFHVLQIRUPDWLRQLQWRWKH+5SDFNHWV,IWKH
WHUPLQDOGRHVQRWUHFHLYHGDQ\+5SDFNHWIURPUHOD\QRGHZLWKLQDFHUWDLQWLPHWKDWPHDQVWKH
OLQN EHWZHHQ WHUPLQDO DQG UHOD\ KDV EHHQ GLVFRQQHFWHG $V VKRZQ LQ )LJXUH  LV URXWH
PDLQWHQDQFHSURFHVV,WVKRXOGUHPRYHWKHSDWKWKDWDSSURDFKWRWKHUHOD\IURPWKHURXWLQJWDEOH
WKHWHUPLQDOQRGHWKDWUHFHLYHG+5SDFNHWZRXOGUHZULWH OLQN VWDWHLQIRUPDWLRQRIUHOD\QRGHV
DQGEDQGZLGWKLQWRWKHURXWLQJWDEOHG\QDPLFPDLQWDLQWKHURXWLQJWDEOH

)LJXUH5RXWHPDLQWHQDQFHSURFHVV
y   ZKHQ WKH WHUPLQDO QRGH FDQ¶W VHQGGDWD SDFNHWV VXFFHVVIXOO\ LQ D FHUWDLQ WLPH WKDWPHDQV WKH
SDWKRIWKHURXWLQJWDEOHLVH[SLUHGWKHWHUPLQDOQRGHVQHHGWRUHLQLWLDWHURXWHGLVFRYHU\SURFHVV
HVWDEOLVKDQHZURXWHSDWKWRWKHEDVHVWDWLRQ
7KLUG 5RXWLQJ VHOHFWLRQ SURFHVV 7HUPLQDO QRGH WKURXJK UHOD\ QRGH FRRSHUDWLRQ FRPPXQLFDWLRQ
FRQQHFWHGZLWKWKHEDVHVWDWLRQ,QWKLVV\VWHPQHHGWRHVWDEOLVKVRPHPHFKDQLVPIRUORDGEDODQFLQJDQG
SDWK VHOHFWLRQ PDQDJHPHQW UHVWULFW WKH QXPEHU RI SDUDOOHO SDWKV WR DFKLHYH WKH SXUSRVH RI UHVRXUFH
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FRQVWUDLQWV5RXWLQJFRQVWUDLQWVDUHDVVHVVHGE\WKHUHPDLQLQJEDQGZLGWKDQGWKHOLQNTXDOLW\UHDVRQDEOH
SDWKVHOHFWLRQSURYLGHVWKHDELOLW\RIORDGEDODQFLQJDQGRSWLPL]HEXVLQHVVVHUYLFHVIRUWKHUHOD\QRGH
y   7KHWHUPLQDOQRGHVHVWDEOLVKWKHSDWKOHDGWRWKHEDVHVWDWLRQILUVWGHWHUPLQHWKHUHOD\EDQGZLGWK
LQWKHURXWLQJWDEOH)RUH[DPSOHWHUPLQDO66LQWKHURXWLQJWDEOHKDVWKUHHUHOD\QRGHVWKDWLV
5656566KRZLQ7DEOH/HWWLQJLWVEDQGZLGWKLQGHVFHQGLQJRUGHU:!:!::H
FKRVH IURP WKH ODUJHU EDQGZLGWK 56 UHOD\ XQWLO WKH FRUUHVSRQGLQJ EDQGZLGWK LV OHVV WKDQ D
WKUHVKROG:,I:!:!:!:7KHQZHZRXOGSXWUHOD\5656LQWRWKHVHOHFWHGUDQJH
0 ^55`6RWKDW56UHOD\QRGHVDUHQRWFRQVLGHUHG

7DEOH0DLQWDLQ5RXWLQJ7DEOHLQ66
'HVWLQDWLRQ 5HOD\QRGH 'HOD\ 5HPDLQLQJEDQGZLGWK
%6 56 0 :
%6 56 0 :
%6 56 0 :
y   $IWHUGHWHUPLQLQJ WKHEDQGZLGWKRI UHOD\QRGHVZHQHHG WRGHWHUPLQH WKH OLQNGHOD\VRDV WR
HQVXUHWKHSDWKRIWKHILQDOEURDGFDVWPDQQHU7KURXJKFDOFXODWLQJWKHOLQNGHOD\ZHFDQHVWLPDWH
WKHWUDQVPLVVLRQRXWDJHSUREDELOLW\3RIUHOD\QRGHIRUZDUGVLQUHJLRQ0)LUVWFRQVLGHUDERXWD
VLQJOH UHOD\ QRGH IRUZDUG WUDQVPLVVLRQ &KRRVH D VPDOOHU RXWDJH SUREDELOLW\ RI UHOD\ QRGHV
FRPSDUHGZLWKWKHWKUHVKROGYDOXH 3RXW LI 3 3RXW< WKHQVHOHFWWKLVUHOD\IRUZDUGLQJ,IWKH
PLQLPXP3YDOXHLVVWLOOJUHDWHUWKDQ 3RXW WKHQSXWWRXVHPXOWLSOHUHOD\ZRUNWRJHWKHUPRGH
OHW PXOWLSOH UHOD\¶V SUREDELOLW\ RI RXWDJH SUREDELOLW\ YDOXH PXOWLSO\LQJ ZH REWDLQHG WKH
SUREDELOLW\ RI RXWDJH SUREDELOLW\ 
S  RI WKH QHZ V\VWHP XQWLO 
S 3RXW<  WKDW LV VHOHFW WKH
DSSURSULDWHUHOD\QRGHWRGRFRRSHUDWLYHFRPPXQLFDWLRQ 
)LJXUHVKRZVWKHSURFHVVRIURXWHGLVFRYHU\URXWHPDLQWHQDQFHURXWHVHOHFWLRQ

)LJXUH5RXWHGLVFRYHU\PDLQWHQDQFHVHOHFWLRQIORZFKDUW
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
6LPXODWLRQDQDO\VLV
6LPXODWLRQ(QYLURQPHQW
/LQNWUDQVPLVVLRQUDWHDFFRUGLQJWRWKH,(((EDJUHHPHQWVHWIRU0EVDQGWKHQDFFRUGLQJWR
WKHPRGHOFDOFXODWHWKHQRGH¶VFDUULHUGHWHFWLYHGLVWDQFHLVNPWKHDYHUDJHWUDQVPLVVLRQGLVWDQFHLV
 NP /OR\GV GHFOLQH FKDQQHO PRGHOZLWK LQ >@ PRGXODWLRQ PHWKRG IRU %36. 5HOD\ QRGH SRZHU
PDJQLILFDWLRQLV5DQGRPWRSRORJ\PRELOHQRGHVGLVWULEXWHLQDXQLIRUPP[PDUHDV7KLV
SHUIRUPDQFHDQDO\VLVPDLQO\DLPHGDWLQWHUUXSWLRQVSUREDELOLW\WKHWLPHGHOD\DQGWKURXJKSXW
6LPXODWLRQ5HVXOW
)LJXUH VKRZV WKH URXWLQJSURWRFRO XVHG LQ WKLV SDSHU DQG WKH WUDGLWLRQDO UHOD\ URXWLQJSURWRFRO LQ
V\VWHPWKURXJKSXWFRPSDULVRQ)URPWKHILJXUHZHFDQVHHWKDWEHFDXVHRIXVLQJPXOWLUHOD\FRRSHUDWLYH
WUDQVPLVVLRQ WKURXJK UHDVRQDEOH URXWLQJ DOJRULWKP WR REWDLQ WKH GLYHUVLW\ JDLQ EHWZHHQ WKH OLQN WKH
WKURXJKSXW RI WKH V\VWHP KDV JUHDWO\ LPSURYHG EXW WUDGLWLRQDO URXWH SURWRFRO KDV RQO\ RQH UHOD\ IRU
WUDQVPLWWKHWKURXJKSXWPXFKOHVVWKDQWKHPXOWLGLYHUVLW\











)LJXUH7KURXJKSXWFRPSDULVRQ
)LJ,QWHUUXSWLRQVSUREDELOLW\FRPSDULVRQ
)LJXUH VKRZV WKH URXWLQJSURWRFRO XVHG LQ WKLV SDSHU DQG WKH WUDGLWLRQDO UHOD\ URXWLQJSURWRFRO LQ
WLPHGHOD\ FRPSDULVRQ )URP WKH ILJXUHZH FDQ VHH WKDW WKH SURWRFRO DLP WR RSWLPL]H WKH WLPHGHOD\
SDUDPHWHUZLWKUHGXFLQJLWVYDOXHHQVXUHWKHUHOLDELOLW\RIWKHV\VWHPDQGWKHWLPHGHOD\LVVKRUWHU
  



PXOWLSDWK
VLQJOHSDWK
WLPH VHF
WLP
HG
HO
D\
V
HF


)LJXUH7LPHGHOD\FRPSDULVRQ
)LJXUH  VKRZV WKH %(5 FRPSDULVRQ %HFDXVH PXOWLSDWK URXWLQJ GLYHUVLW\ LV ERXQG WRPDNH KLJK
HUURUUDWHEXWWKLVSDSHUXVHVWKHPLQLPXPRXWDJHSUREDELOLW\WKUHVKROG3RXWLQWKHSUREDELOLW\PDNHVWKH
OLQN PRUH UHOLDEOH WKHUHIRUH FRPSDUHG ZLWK WKH WUDGLWLRQDO URXWLQJ SURWRFRO WKH URXWLQJ SURWRFRO
SURSRVHGE\WKLVSDSHUKDVVRPHPRUHLPSURYHGLQ%(5SHUIRUPDQFH
  





 UHOD\V\VWHP
1RQUHOD\V\VWHP
615'%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UR
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)LJXUH%(5FRPSDULVRQ
&RQFOXVLRQ
7KLVSDSHUSURSRVHDPXOWLSDWKURXWLQJUHOD\WHFKQRORJ\PDQDJHPHQWDQGLPSOHPHQWDWLRQHVWDEOLVK
DUHDVRQDEOHORDGEDODQFLQJURXWLQJPHFKDQLVPDQGPDQDJHPHQWPHFKDQLVPOLPLWWKHQXPEHURISDUDOOHO
SDWKV DQG HQVXUH WKH EDQGZLGWK XWLOL]DWLRQ DQG UHGXFH V\VWHP¶V ORDG 7KHQ ZH UHDOL]H PXOWLUHOD\
IRUZDUGLQJ V\VWHP WR DFKLHYH RSWLPDO V\VWHPSHUIRUPDQFH ,Q WKH EURDGFDVWLQJ QHWZRUN WKH FKRLFH RI
UHOD\FDQLPSURYHV\VWHPFRQYHUJHQFHDQGUHDOWLPHEXVLQHVV
$FNQRZOHGJPHQW
7KLVZRUNZDVSDUWLDOO\VXSSRUWHGE\6WDWHSURMHFWV$$$1DWLRQDO1DWXUDO6FLHQFH
)RXQGDWLRQRI&KLQD1DWLRQDO6FLHQFHDQG7HFKQRORJ\PDMRUSURMHFWV=;
IXQGLQJ
5HIHUHQFHV
>@ /LX+RQJMLH/L6KXIDQJ<L0LQ&RH[LVWHQFHEHWZHHQFRJQLWLYHUDGLRQHWZRUNDQGGLJLWDO79>&@3URFHHGLQJVRIWKH
,QWHUQDWLRQDO&RQIHUHQFHRQ&RPPXQLFDWLRQ6RIWZDUHDQG1HWZRUNV,&&61
>@ <X5RQJ=KDQJ<DQ+XDQJ&KXMLD*DR5XFKDR-RLQWDGPLVVLRQDQGUDWHFRQWUROIRUPXOWLPHGLDVKDULQJLQZLUHOHVV
KRPHQHWZRUNV>-@&RPSXWHU&RPPXQLFDWLRQV
>@ %R\OH0LFKDHO $ 3/ 7KH HYROXWLRQ RI YDFXXP HOHFWURQLFV IRU8+) 79 EURDGFDVW >&@ ,((( ,QWHUQDWLRQDO
9DFXXP(OHFWURQLFV&RQIHUHQFH,9(&
>@ &R7RPDV5HOD\VWDELOL]DWLRQDQGELIXUFDWLRQVRIXQVWDEOH6,62SURFHVVHVZLWKWLPHGHOD\>-@,(((7UDQVDFWLRQVRQ
$XWRPDWLF&RQWUROYQS0D\
>@ 'RJDKH %HK]DG0RKDPPDGL0XUWKL0DQRKDU1 )DQ ;LQJ]KH 3UHPDUDWQH .DPDO $ GLVWULEXWHG FRQJHVWLRQ DQG
SRZHU FRQWURO DOJRULWKP WR DFKLHYHERXQGHG DYHUDJH TXHXLQJ GHOD\ LQZLUHOHVV QHWZRUNV>-@ 7HOHFRPPXQLFDWLRQ 6\VWHPV 

>@ 0HKWD1HHOHVK%0DGDQ5LWHVK0ROLVFK$QGUHDV)=KDQJ -LQ\XQ'HFHQWUDOL]HGDQGG\QDPLF URXWH VHOHFWLRQLQ
FRRSHUDWLYHUHOD\QHWZRUNV>-@0LWVXELVKL(OHFWULF5HVHDUFK/DERUDWRULHV,QF3XEOLFDWLRQGDWH
>@ :DQJ%R+XDQJ&KXDQKH<DQJ:HQ]KRQJ:DQJ7RQJ7UXVWRSSRUWXQLVWLFURXWLQJSURWRFRO LQPXOWLKRSZLUHOHVV
QHWZRUNV>&@ 3URFHHGLQJV   ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ :LUHOHVV &RPPXQLFDWLRQV 1HWZRUNLQJ DQG ,QIRUPDWLRQ
6HFXULW\
>@ :$1*-LDQIHQJ=+$,+RQJTLDQJ)$1*<XJXDQJHWDO2SSRUWXQLVWLFPHGLDDFFHVVFRQWURODQGUDWHDGDSWDWLRQIRU
ZLUHOHVVDGKRFQHWZRUNV>&@3URFRI,(((,&&3DULV)UDQFH
